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I s M AT T E R E T E R N A L? 
AN ANSWER FROM THE MODERN PHYSICAL STANDPOINT. 
BY F. W. HENfiE.L, B.A., F.R.A.S. 
DURING the last few years the progress of the elec­
tric theory of matter, and the discovery of the uni­
versal extension of the phenomena of radio-activity, 
have led to the conclusion that the time-honored doc­
trine of the Conservation of Matter (or mass) is, after 
all, only an approximation, and not an exact truth. 
Bodies have been considered as made up of material, 
particles separated from one another by non-material 
spaces of greater or less extent, and there seems good 
reason to suppose that these spaces are full of a con­
necting medium to which the name of ether has been 
given. The material particles, the units of physical 
and chemical science, are called atoms, and up to 
recently the atoms were considered to be indivisible 
units which could not be split up into anything sim­
pler or smaller, and from about seventy different kinds 
of elementary atoms all the varied forms of matter 
in the physical world arose. From examination of 
the various cases of change, especially those of com­
bustion, where it had been thought that there was a 
disappearance or destruction of matter, it was shown 
that in all such cases the loss was only apparent. The 
candle burns, giving out light and heat, and, after a 
time, is altogether consumed. The materials of which ' 
it was composed have disappeared, but their presence 
may be shown by other means. Burning the candle 
in a clean bottle full of air, and afterward pouring 
lime-water into the bottle, we find that the liquid, un­
affected by pure air, turns milky, showing the pres­
ence of an invisible gaseous body produced by the 
burning, which possesses different properties, from 
pure air. We may also demonstrate the production 
of water during this process, and by using caustic 
soda, or other similar substance, to absorb the prod­
Ilcts of combustion, we shall find that, so far from a 
loss of matter, we shall have an apparent gain in 
weight, this gain being, of course, due to the union 
of the materials of the candle with an invisible gas 
(oxygen) present in the air. By careful examination 
of various Cases, and the use of the balance, it was 
shown that in cases of chemical action, a loss of mat­
ter never occurs, but merely a change of state; thus 
the old philosophic doctrine of the indestructibility 
of matter was placed on a scientific basis, and it be­
came thl'l fundamental prinCiple of modern chemistry. 
The work of Rumford, Davy, Joule, Helmholtz, and ' 
others showed in a similar manner that energy is, 
apparently, as indestructible as matter itself, all physi­
cal phenomena being accompanied by transformation 
from one or other of its varied forms' into others, 
either wholly or in part. In the steam-engine the 
energy of heat becomes converted into mechanical 
energy; in the galvanic battery the energy of "chemi­
cal affinity" becomes the energy of the electric cur­
rent. In all cases there is an exact numerical rela­
tion between the amounts of energy changing from 
one form into another, and much of the work of physi­
cal science during the last half-century has consisted 
in the determination of what are known as the "r,le­
chanical equivalents" of the different kinds of energy. 
The, doctrine of Conservation of Energy asserts that 
though energy may be transformed, directly or indi­
rectly, from one form into any other, the total amount 
of it is unalterable. Gain of kinetic energy means loss 
of potential and vice versa, and the amounts thereof 
are always strictly proportional. "The principle of 
energy," says Maxwell, "is the, one generalized state­
ment which is found to be consistent with fact not in 
one physical science only, but in all." By its applica­
tion it has served to the prediction and consequent 
df'tection of many hitherto unobserved phenomena, 
and every advance in science has strengthened our 
confidence in its truth. The physical world is thus 
considered to consist of two "realities," matter and 
energy, in terms of which all its phenomena are to 
be ultimately explained. These are, however, never 
found separate; matter without any energy resident 
in it could not be recognized as such by any of our 
senses, while energy apart from matter, unless the 
"ether". be regarded as non-matter, is equally unknown. 
Matter is regarded as "inert" or passive, energy as 
active or "living"; both possess the property of con­
servation-i. e., that the total amount of either can 
neither be increased not decreased by any known 
process. We shall see in the sequel that though it is 
beyond our power either to' create or destroy matter, 
the latter process seems actually going on to a very 
small extent in certain cases. We have already stated 
that ordinary matter, on the atomic theory, is sup­
posed to be built up of small indivisible particles with 
jnterveninll' spaces/ ang I,.org ��lvhl's bri11ii\�t "V9r· 
tex-atom" hypothesis of matter supposed that these 
atoms are simply rotating portions 0, a perfect and 
inert fluid which fills all space. In such a fluid, mo­
tion once started will continue forever; all the mov­
ing parts will be completely distinguished from the 
rest, and thus the principle of Conservation of Matter 
follows at once. In spite of its apparent simplicity, 
the difficulties of the hypothesis are such that it is 
not now in much favor with physicists, though it is 
possible that, in a modified form, more may yet be 
heard of the "hydrodynamical theory." 
We come now to thl:l consideration of phenomena 
bearing on the question of the stability of the atom 
itself, and which show that the "customary postulate 
of its indivisibility means no more than that we had 
not succeeded in discovering a way to decompose it." 
The discovery of the kathode rays, the X-rays of 
Rontgen, and the Zeeman effect, give an answer. In 
a highly-exhausted tube through which an electric 
discharge is passed, particles charged with negative 
electrification are shot off with great speed, traveling 
in straight lines, from the "Kathode" (hence the 
name Kathode rays), or negative pole, and will render 
phosphorescent, rubies, alumina, etc., placed in the 
tube; while if bodies either transparent or opaque be 
interposed in front of the electrode, sharply-defined 
shadows will be seen projected on the opposite wall 
of the tube, "as if they stopped the way for some 
of the flying molecules." That these particles 
are not atoms, but something smaller still, is con­
cluded from: (1) The greater length of their path, 
the kathode rays being able to travel feet, or even 
yards, while the free path of an ordinary atom is 
only a small fraction of an inch, even in high vacuum; 
(2) their speed, which is comparable with that of light 
itself. From a measurement of the charge carried by 
these kathode rays, and estimation as to the probable 
number of particles, Sir J. J. Thomson concludes that 
the mass of each of these is about 1/1,700 of that of 
a hydrogen atom, each particle having a "unit" nega­
tive charge. To these particles he has given the name 
of "corpuscles," and, so far as we can see, since the 
very same kathode rays are found, whatever the 
nature of the residual gas in the vacuum tube, all 
the chemical elements seem to be built up of these 
same identical corpuscles. Thus we are led by a new 
route toward regarding the different elementary bodies 
as being all modifications of one and the same sub­
stance. Take, say, 1,700 corpuscles and we build up 
an atom of hydrogen; then sixteen times as many 
arranged in a somewhat different way, and we get 
oxygen, and so forth. An uncharged atom may con­
tain a positive nucleus with its full complement of 
negative corpuscles; a negativ'ely-charged one has one 
or more negative particles in addition; a positive one 
has a deficiency of these particles. So far, only nega­
tive particles have been isolated; positive charges "ap­
pear always associated with atoms of matter," and 
the nature of positive corpuscles, if such exist, is not 
yet known. From these considerations there has been 
built up the electric or "electron" theory of matter, 
which supposes that all matter may be resolved into 
an aggregate of electric charges of opposite sign. Not 
only 0.0 we now find evidence of the composite nature 
of the "atom," that it detaches one or more corpuscles 
in the way we have indicated; but that it is also under­
going a process of breaking up, more or less rapid. 
In 1896 M. Becquerel discovered that the salts of the 
rare metal uranium emit radiations which affect the 
photographic plate and cause air to become a con­
ductor of electricity, while Mme. Curie found that 
pitchblende, the mineral from which the uranium salts 
are obtained, contains other substances far more active 
than uranium, and to three of these are given the 
names of radium, polonium, and actinium. Of these, 
radium is the most active of all. Radium seems chemi­
cally somewhat allied to barium; but the chloride and 
bromide are slightly more crystallizable than the cor­
responding barium salts. It is constantly and spon­
taneously emitting three kinds of radiation without 
any apparent diminution. These are known as the 
Alpha, Beta, and ·Gamma rays respectively. The 
Gamma rays seem to be of similar nature to the Ront­
gen X-rays; the Beta rays are similar to the kathode 
rays, to which we have already referred, and they are 
probably minute corpuscles negatively charged; while 
the Alpha rays are perhaps positively charged atoms 
of matter, moving at immense speed. It haR been 
shown that at: the temperature of liquid air this emiR­
sion is neither less nor greater than at the ordinary 
tllmpllfil.tufe, !I!Hl it i� �ot 11lCrealiied DY raisinfj tb\j 
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substance to a red heat. "Nothing that ean be done 
to it destroys its radio-activity, nor even appears to 
increase or diminish it." By bringing a scrap of 
radium wrapped in an opaque envelope near a diamond 
in the dark, the latter was found to glow brilliantly, 
while a "paste" specimen remained inert, which sug­
gests a way of distinguishing between true and imita­
tion jewels. The emanations from uranium are not 
strong enough to excite this phosphorescence, but by 
accumulating their influence on a photographic plate 
for hours or days together, some traces of radio-ac­
tivity ca.n be obtained. The most sensitive test of all, 
however, is the power which a radio-active substance 
possesses of rendering the air conductive, and thus 
discharging charged bodies. By this means it has 
been found that many metals, and other substances, 
possess this power in some smail degree-mineral 
waters, sand, clay, etC.-and the hypothesis has been 
broached by Le Bon and others that all matter is radio­
active. But the most singular thing of all is that these 
emanations seem to be of a somewhat different nature 
to the substance from which they are evolved. Ruther­
ford and others have shown that it is probable that 
the "atomic weight" of the substance thrown off is 
much less than that of the atoms of the material from 
which it is projected, and it has been suggested that 
the matter thrown off may be helium, one of the 
most inert bodies known. The resfdual substance from 
which the radio-activity has been emitted also under­
goes remarkable changes. In the case of a radium 
salt, the residual appears to be "a kInd of heavy gas," 
Which slowly diffuses away. It is itself radio-active, 
as the radium from which it comes, and there seems 
reason for thinking that its chemical nature is some­
what different. It leaves a radio-active deposit on sur­
faces over which it has passed, and this deposit is 
again a different substance. Radium is considered as 
having a very high atomic weight (225), and the 
phenomena of its activity as a breaking down of its 
atoms into simpler systems of lower atomic weights. 
In this way it may chance that the old idea of the 
alchemists as to the transmutations of elements may 
be realized, and in the phenomena of radium we are 
witnessing' the gradual transformation of this element 
(atomic weight 225) into lead (atomic weight 206) by 
a series of stages in which helium (atomic weight 4) 
is thrown off. (All the more active radio-active ele­
ments have very high atomic weights.) 
Thus we seem led to the conclusion that atoms are 
not merely complex substances, instead of being simple, 
as was formerly thought, but that every now and again 
they break up, and this breaking up is accompanied by 
the development of a new form of energy which it has 
been proposed to call "intra-atomic energy." Some 
have regarded this as a transformation of matter into 
energy, ordinary matter being simply regarded as a 
more stable form of energy than the other forms­
heat, light, etC.-and by the dissociation of atoms, "the 
stable form of energy termed matter is changed into 
more unstable forms-light, heat, .electrical action," 
etc. If this is so, we must regard matter as a tran­
sient phenomenon, subject to decay by the action of 
its own internal energies and motions; btit to this we 
may object: "How, then, is it still in existence, unless 
it has been created at some comparatively recent 
date?" Speculations as to the origin of matter, the 
method of creation of the atoms-whether produced 
in a manner similar to that in which larger systems 
have been imagined to come into being, or other­
wise-lie, however, far beyond the range of verifiable 
hypothesis. Here, as everywhere, the relativity and 
limited character of our knowledge is apparent. 
The hard, indivisible atom of the chemist has given 
place to the system of electrons or corpuscles perhap� 
in motion round a central nucleus, like the Solar 
System of Astronomy; but just as the latter is itself 
only part of a yet larger system, so, too, it may well 
be that the "corpuscle" is a complex of still smaller 
units.-English Mechanic and World of Science. 
A retrogressive movement in regard to the lighting 
of trains is proposed by the Prussian Minister for 
Railways. A few years ago, states the Electrical Re­
view, the defects of gas lig�ting induced the railway 
authorities, in emulation of the action taken by other 
state railways, to make experiments with various 
systems of electric lighting, particularly in the direc­
tion of putting in reading lampR ovpr the carriage 
AeatR, aR an addition to the gaR lampR RIlS]lpnded from 
the ceilings of the carriages. As the results met with 
approval, the a\.ltl;loritle� (leoided to put ill eleotric 
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reading lamps in all the D coaches, numbering about 
800, the lamps being supplied from plant carried in 
the luggage vans, with batteries for maintenance o� 
the light when the trains were at a standstill or travel­
ing slowly. This arrangement caused difficulties to 
arise when the coaches of other German and of foreign 
railways, which were not similarly equipped, were 
coupled to the Pruss ian trains, in which the lamps 
were often without current owing to the lack of con­
nections. Since that time gas lighting on the incan­
descent system has made progress, and in view of the 
increased effects thereby obtained, the Prussian Minis­
ter for Railways has now issued an order for the re­
moval of electric reading lamps everywhere, and for 
the lamps to be used in future for the illumination of 
sleeping coaches. The only exceptions are the com­
pletely electrically lighted trains traveling long dis­
tances, as between Hamburg and Berlin, Hamburg and 
Cologne, etc. No explanation for the discontinuance 
IMPROVEMENT 
of the lamps has been given, and it is said that their 
removal implies a loss of $125,000 represented by the 
value of the lamps and fittings. 
From the report of the Electrification Committee 
of the New York Railway Club the following brief 
history is summarized: The first successful trolley 
installation was made in Richmond in 1888 by Mr. 
Sprague. For heavier traction the third rail was 
first used in 1893 at the Chicago World's Fair, and in 
1895 this was the distinctive feature of the equipment 
of the Metropolitan Elevated Railway in Chicago. The 
multiple-unit system was first put in use in 1898 by 
the South Side Elevated, of Chicago, and later by the 
elevated railways of New York city. The first impor­
tant installation of heavy electric locomotives was by 
the Baltimore and Ohio in its Baltimore tunnel in 
1895; smaller electric locomotives had been previously 
used for mmmg and industrial purposes. The Long 
Island Railway's suburban zone third-rail electric 
equipment was put in service in 1905. The West Jer­
sey and Sea Shore, between Atlantic City and Phila­
delphia, was electrified in 1906, and in the same year 
the New York Central began operating electrically. 
both by locomotives and by the multiple-unit system, 
a portion of its electric zone. In 1907 the Erie in­
stalled a multiple-unit, high-voltage, single-phase sys­
tem on its Rochester division; also in 1907 the Spo­
kane and Inland Empire Railroad was !fut in opera­
tion. This is the first railway built for heavy electric 
service, both freight and passenger, and the current 
is generated by water power. In 1908 the Grand 
Trunk Railway electrified the Sarnia tunnel. In 1909 
the Cascade tunnel of the Great Northern was elec­
trified on the three-phase system. The Pennsylvania 
expects to operate electrically its new terminus in 
New York city during the current year. 
IN LOCOMOTIVE MECHANISM. 
THE HIVATT" FLEXIBLE LOCOMO TIVE CR A NH. A XLE. 
FOR the purpose of securing greater flexibility in the 
axle, and also at the same time to provide a balance, 
a built-up loco-motive crank has been devised by Mr. 
H. A. Ivatt, the chief locomotive engineer of the Great 
Northern Railroad of England. The ordinary type of 
crank axle with large bearings and a short intermedi­
ate piece between the cranks is rigid in construction. 
This tends to concentrate the stresses at certain parts 
of the axle, and it results in cracks and ultimate frac-
ture. Mr. Ivatt has been endeavoring to overcome this 
serious defect for some time, and the built-up crank 
axle shown in the accompanying illustrations is the 
outcome of his experiments. The idea was first shown 
at the recent exhibition at Shepherd's Bush in Lon­
don, and it aroused considerable interest. The crank 
fixed in the pair of wheels as illustrated, is a replica 
of that full-sized model exhibit, and is at work on a 
fast Great Nort�ern express engine, and up to the 
present the locomotive has covered nearly 100,000 
mi.les. This type is suitable for engines which have 
the cylinders close together, having the valves on top 
or underneath, and actuated by such motion as the 
"Joy" or "Walschaert" type. 
The axle shown in the other illustration is of differ­
ent construction, and is suitable for engines having 
four eccentrics between the crank and the ordinary 
link motion. 
FLEXIBLE LOCOMOTIVE CRANK FOR ENGINES HAVING 
CYLINDERS CLOSE TOGETHER AND FOR "JOY" 
FORM OF FLEXIBLE BUILT-UP CRANK AX LE FOR �NGlNES HAVING FOUR 
CYLINDER8 BETWEEN CRANK AND ORDINARY LINK 
OR "WALSCHAERT" MOTION. 
THE ELECTRICAL BLAST FURNACE. 
IN Stahl und Eisen, C. Brisker submits to a careful 
analysis the figures given in the report of the working 
of the electrical blast furnace at Domnarfvet in 
Sweden, calculating in two instances the materials 
used to produce 100 kilometers of pig-iron, and the dis­
tribution of the constituents of these materials among 
the·products of the furnace. In comparing the analysis 
of the gases at the hearth and at the mouth of the 
furnace, he finds in the latter a deficiency in carbon, 
while the ratio of carbon dioxide to carbon monoxide 
is higher. This is clearly due to the decompo�ition, in 
the shaft, of carbon monoxide into carbon dioxide and 
carbon, the latter being deposited in the ore and after­
ward aiding in its reduction. The shaft, therefore, 
the function of which has been by no means clear, is 
the seat of this important, indeed indispensable, re­
action, and, therefore, constitutes an essential part of 
the furnace; and the cooling of the gases as they leave 
the hearth is also necessary, since they are thus 
brought to the temperature most favorable to the 
progress of this reaction. For comparison, the work­
ing of the second charge instanced above, in an ordin­
ary coke furnace, is calculated, and hence the energy 
expenditure and return in each of the three cases. 
From the balance sheets it appears that the efficiency 
of the electric furnace is 51.5 and 50.6 per cent, that of 
the coke furnace 43.9 per cent, neglecting the "waste 
gases;" taking these into account, the three figures 
become respectively 65.3, 66.2, and 76.4 per cent. This 
iG favorable to the electric furnace, when it is remem­
bered that the figures given are results of a small ex­
perimental installation, wher8 the 10SSE'H from radin: 
tion, etc., are relatively vpry great. As moreover iron 
of much nearer approach to purity can be made in the 
electric furnace than in the ordinary form, and as fine 
ore may be used to the extent of 75 per cent of the 
whole, the .electric furnace is already, where electrical 
energy is cheap, in a position of advantage, and has 
clearly a future before it. 
A NEW TENNESSEE POWER PLANT. 
J. G. WHITE & Co., Inc., of New York, have been 
awarded the contract for the complete engineering and 
construction of a hydro-electric power plant for the 
Vv-estern Tennessee Power Company. 
The dam and hydro-electric power station will be 
constructed on the Ocoee River at Parksville, Polk 
County, Tennessee, about twelve miles from Cleveland. 
The dam will be of cyclopean concrete and about 
780 feet long on the crest. Four hundred and thirty 
lineal feet of this dam will be of the overflow type, and 
350 linear feet will be of the non-overflow type. The 
overflow portion will be about 110 feet high above 
mean water stage, having its crest at about an elevation 
of 825, and will be of the usual ogee section. It will be 
equipped with suitable flashboards and the necessary 
temporary and permanent sluices. The non-overflow 
portion of the dam will be about 13 feet higher than 
the overflow section, and will be of a special section 
t3 accommodate penstock intakes at the top and pen­
stocks passing from the intakes to the turbine below. 
The power house will be located on the downstream 
side of the non-overflow portion of the dam, and will be 
ar. integral part of the same. The substructure will 
be of massive concrete, and will consist mainly of piers 
and arches below the dam. The turbines will be located 
at the elevation of the main floor, and will discharge 
into the tail race under thE' arch8s. The superstruc­
ture will consist of brick or stone walls with inclosed 
steel columns. These columns will support the super­
structure floors, cran.,- runway, and steel roof trusses. 
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MOTION. 
The superstructure floors will be reinforced concrete 
slabs supported on steel girders and floor beams. The 
roof slabs will be reinforced concrete supported on 
steel purlins, and will be provided with suitable roof 
covering. 
The power equipment will consist of four main units 
of normal rated capacity of 3,000 kilowatts each; one 
200-kilowatt exciter unit, the necessary step-up trans­
formers and switching equipment for the control of 
this apparatus. Each main unit will consist ·of one 
tandem horizontal turbine in inclosed case direct con­
nected to a 3-phase, 60-cylinder, waterwheel type, alter­
nating-current generator. Each generator will have 
mounted on its shaft an exciter having a capacity 
sufficient for its excitation. 
The miscellaneous equipment will consist of an elec­
trically driven traveling crane, a transformer truck, 
necessary gates and gate-hoists, water, oil, and air 
circulating systems, miscellaneous piping, plumbing fit­
tings, pumping apparatus, lighting system,. and all 
other apparatus which is essential for the complete 
equipment of a first-class station. 
A tail race will be excavated for some distance down­
stream from the power house and will, if found neces­
sary, be separated from the mi!lin river channel by 
timber crib or coucrete wall. The shore of the river 
adjacent to the power house will, if necessary, be pro­
tected by means of riprap. 
A permanent gravel or macadam road will be con­
structed from the present highway to the power house 
entrance. Along the Ocoee River and tributaries 
thereof, public roads will be relocated at various places 
wh8re their present grade is below the maximum flow 
line of the reservoir. New bridges, culverts. etc., will 
be built where necessary, due to these changes. 
The estimated cost is approximately $2,000,000. 
